IntroductIon
In recent decades, there has been a tendency to increase average body mass index values in newborn children in many countries all over the world [1] . Macrosomia is determined when the weight of the newborn child is equal to or greater than 4,000 g [2] .
Numerous data given in a number of works witness that the development of dental violations have strong connection with the state of person's health and with the presence of various diseases including those caused by metabolic mechanisms [3, 4, 5, 6, 7, 8] . However, relatively few studies have been performed to examine the effect of fetal macrosomia on dental pathology formation. In such ORIGINALNI NAUČNI ČLANAK abStract
Objective. To determine the morphometric differences in the minor buccal salivary glands in rats aged 6 months with fetal macrosomia (groups under study) and in rats aged 6 months after a normal intrauterine development (control group) by using a 3-D analysis technique. Methods. The fetal macrosomia was induced in four different ways. To apply the morphological analysis, the tissues of oral cavity mucosa of six-month-old rats were used. The 3-D images acquired by confocal microscopy were used for estimating the morphometrical characteristics of minor buccal salivary gland microscopic structures.
Results. On reaching the age of six months, the descendants of the rats in all macrosomic groups have the average body weight, the average body length, and the average weight-to-length ratio comparable to those in the Control Group.
In rats born with different fetal macrosomia modeling, when the age of 6 months was reached, the deviations in the Groups under study from the Control Group were found to appear to various degree in the following parameters: the acinus area, the acinus gap area, the number of mucous acinar cells in the acinus, the height of the cytoplasm of mucous acinar cells, and the percentage fractions of the relative area of mucous acinar cells cross-sections, area of acinar gap cross-sections and relative area of glandular stroma.
Conclusion studies, researchers have pointed only to the issue of caries occurrence in children and adolescents [9, 10] . The effect of fetal macrosomia on other organs, such as salivary glands, has been studied very sparsely up to now.
The three pairs of major salivary glands, glandula parotidea, glandula submandibularis, and glandula sublingualis, have been studied in detail for centuries. The classification of minor salivary glands is based on topographic features. These glands are classified into glandulae molares, glandulae buccales, glandulae labiales, glandulae linguales, and glandulae palatinae.
Salivary glands consist of stroma and parenchyma. Stroma is a connective tissue membrane with interlobular septi, which cover ducti and blood vessels. Parenchyma consists of acini and excretory ducti. Aciniare is formed of secretory cells and of mioepythelial cells, whose contraction over the periphery of acini results in the release of saliva. All salivary glands, depending on the type of their secret, are divided into albuminous or serous glands, mucous glands and glands producing a mixed serous and mucous secretion. Serous glands produce a fluid protein-rich secret. This type of salivary gland includes parotid glands and gustatory (Ebner's) glands. Mucous glands (palatine) produce a thick glycoproteinrich secret. The third type of gland is represented by submandibular and sublingual glands, buccal, labial and tongue glands; these glands produce proteins and mucous secret. Acini of the third type of gland are high in mucous cells acinar content and low in serous acinar cell content.
The minor salivary glands are located throughout the oral cavity: individually in small groups within the submucosa of the oral mucosa in the mucous tissue or between muscle fibers of the tongue.
The anatomical and functional state of salivary glands and the amount and quality of saliva which they produce have a noticeable effect on dental health [11, 12] .
Numerous publications reported a significant influence of malfunctioning of the major salivary glands on health condition of oral cavity organs [13, 14] .
Yet, the minor salivary glands have been studied insufficiently due to their small size. There are very few publications about the state of the minor salivary glands developed under conditions of perinatal pathology including fetal macrosomia [15, 16] .
Detection of morphological changes in the minor salivary glands can determine elements of pathogenesis of the formation of dental disorders in children who were born with fetal macrosomia. This can help with development of prevention and correction of abnormal conditions of hard tooth tissues in the preclinical phase of the pathological process.
Confocal microscopy enables to acquire 3D images of internal structure and their subsequent morphometric analysis [17, 18, 19, 20] .The 3D analysis of microscopic structures can facilitate the analysis of the relationship between structure and function in the minor anterior and posterior buccal salivary glands.
As shown above, there is an urgent need for examination of the minor anterior and posterior buccal salivary glands in experimental animals born with macrosomia. This includes morphological studies, which can establish dominating links between the examination results and dental pathology.
the aim of our investigation was to determine morphometric differences in the minor buccal salivary glands in rats with fetal macrosomia (groups under study) and in rats after normal intrauterine development (control group).
MAtErIAL And MEtHodS
Subjects. The experiment on macrosomia formation was conducted to examine morphological features of the minor salivary glands in rats born with macrosomia. The Wistar Albino Glaxo rats aged 180 days were used in all experiments. Caring and using the experimental animals meet the requirements of the national «General ethical principles of Ethical Conduct in the Care and Use of Animals» (Ukraine, 2001), which are in agreement with the provisions of "European Convention for the Protection of Vertebrate Animals used for Experimental and other Scientific Purposes" (Strasbourg, 1986).
Experimental procedures. The preferred models for the study of macrosomia were hypernutrition and diabetes induction. The animals were divided in five groups of 5 -6 animals in each, which is commonly acceptable in pathomorphological investigations. Four different models were used for macrosomia formation in four separate groups (the fifth group was a control one):
(1) Physical development Acceleration Group consists of the oversized (m ≥6.3×10 -3 kg) descendants of young (3 -5 months) animals with average weight-height parameters and standard nutrition ration before zoogamy and during pregnancy [21] .
(2) Young+diet Group consists of the oversized descendants of young (3 -5 months) animals with average weight-height parameters and high-calorie diet before zoogamy and during pregnancy (Gubina-Vakulik GI 1994) [22] .
(3) Mature+diet Group consist of oversized descendants of middle aged (8 -9 months) animals with average weight-height parameters and the standard nutrition ration before zoogamy and during pregnancy (Gubina-Vakulik GI 1994) [22] . with average weight-height parameters and high-calorie, diet before zoogamy and during pregnancy and were kept in mild hypokinetic conditions.
(5) control Group consists of animals with the average weight-height parameters whose mothers have the standard nutrition ratio and their pregnancy passed under common conditions. Descendants from different litters are used to form each of the groups.
All descendant rats were fed standard balanced nutrition, had free access to tap water, and were held under the principles of Good Laboratory Practice.
To diagnose macrosomia standard clinical criterion (body weight in excess of the 90-percentile level) within a large number (500) of newborn rats was used. All groups had roughly comparable ratio of male and female species. The somatometric examination of the rats (weighing, measurement of body length, and tail length) is conducted twice: at birth and immediately before withdrawing animals from the experiment ( Table 1) .
In Table 1 , the Initial examination refers to the data acquired for the one-day-old rats, and repeated examination refers to the data acquired for the same rats aged 180 days.
As the material for the study, we have used tissues of oral mucosa taken from the area of projection of upper and lower jaw molars, namely the minor buccal salivary glands (see Figure 3) .
Confocal microscopy. All results of the confocal laser scanning microscopy were acquired using the Leica SP8 AOBS laser scanning confocal microscope (LSCM) at the inverted Leica DMi8 microscope stand installed at the Department of Biomathematics, Institute of Physiology, Czech Academy of Sciences (Prague, Czech Republic).
To confirm and visualize hemodynamic and structural changes in minor buccal salivary glands in the species under study, serial slides, 20-70 m thick, stained by hematoxylin and eosin (H&E) were made.
In the single-photon excitation mode, an Argon (488 nm) laser, which is part of the microscope equipment, was used. Laser power setting was measured at 100% intensity setting with laser power set to 100% and to 9.52% respectively. Laser power at sample focal plane of ACS APON 40x1.15 Oil CS lens was 1.14 mW for 100% laser power and 0.27 mW for 9.52% laser power. Leica power setting during sample acquisition was set to 9.52% to avoid photobleaching of the sample, while intensity setting was set to 2.5% for all samples to avoid saturation of an image.
We optimized setting of excitation and detection wavelengths for H&E imaging as follows. First, using excitation wavelength of 488 nm, the detection range was optimized using Lambda scan mode. Emission spectra peaks were detected at wavelengths ranging from 500 nm to 600 nm (Figure 1) . Further, we checked additional emission peaks using tunable pulse scanning multi-photon 9 (Figure 2 ). Therefore, we used single excitation wavelength of 488 nm and detection range of 500 -600 nm to obtain optimal signal from H&E stained tissue sections. The acini have a complex shape and are located at different depth in the sample. The three-dimensional image obtained as a result of confocal scanning of the salivary gland samples allowed us to determine the size of each acinus in any its part and thus to obtain its exact whole sizes and to study acinus anatomical features. To determine the mean acini parameters in the sample of the salivary gland, the layer in the microphotograph stack was chosen where the acinus cross section attains a maximum. Since the acini are located at different depths in the sample, their specific values must be determined from different microphotographs, which is possible by using confocal microscopy.
Table 1. Results on Morphometric Studies of Experimental Animals
The animals in each group were kept under the same housing conditions. The minor salivary glands in animals within one group were subjected to similar exogenous and endogenous factors and produced a saliva of similar quality. The samples of the minor salivary glands were taken from the same topographic areas. In each animal in each group, one minor salivary gland was analyzed when the gland sample contained 40 -120 acini. Under the experimental conditions described above, the number of statistically independent samples cannot be increased.
Mophometric parameters of minor salivary glands. The following parameters were measured in each sample: the surface area of every minor salivary gland acinus in its the widest part, the surface area of every minor salivary gland acinus gap, the surface area of every mucous acinar cell in minor salivary glands, and the perimeter of every acinus in its widest part. These measurements were made with the Fiji plugin tool called Measure [23] .
Statistical analysis. The mean of each parameter and the cytoplasm height were calculated with Exel, The number of acinar cells was counted in that microphograph where the acini have a maximum cross section.
The percentage fractions of the relative area of mucous acinar cells cross-sections, area of acinar gap crosssections and relative area of glandular stroma was determined using the Avtandilov grid. 
rESuLtS
Using average weight-to-length ratio (g/cm²), we detected the signs of the intrauterine obesity in the macrosomic rats in the Young+Diet and Hypokinetic+Diet groups and the signs of the body weight deficiency with regard to their relatively long length in the macrosomic rats in the Physical Development Acceleration Group (see Table 1 ).
The average weight-to-length ratio in the macrosomic rats in the Mature+Diet Group was almost the same as those in the Control Group.
At the age of 6 months, descendants of the rats in all macrosomic groups had the average body weight, the average body length, and the average weight-to-length ratio comparable to those in the Control Group (see Table  1 ). However, the average body weight in the Hypokinetic+Diet Group was reliably lower than in the Physical Development Acceleration Group.
When analyzing the details of the minor salivary gland at tissue level (see Table 2 ), the more pronounced stroma and less pronounced parenchyma, in comparison with control Group, are observed in Young +diet, Physical development Acceleration Groups. Hence, the gland parenchyma in animals may be said to be hypoplastic in all macrosomic groups, except Hypokinetic+diet Group, including the Mature+diet Group (macrosomic descendants of mature female rats who were fed on a hyper-caloric diet), since these animal acini have relatively large gap area cross-section.
Obviously, the area of the acinus cross-section depends on the number of acinar cells and on the size of each of them, which reflects the degree morphofunctional load on the salivary gland.
The study of the average morphometric indices of separate acini reveals a decrease in the total area of mucous acinar cells cross-section in animals in all macrosomic groups (see Table 3 ), and the acinar area cross-section reliably decreases only in the macrosomic descendants of young parents who were fed on a hypercaloric diet during pregnancy (Young +diet Group).
A decrease in the area of mucous acinar cells crosssection in minor buccal salivary glands in different macrosomic groups occur via the following different mechanisms: both smaller and lower mucous acinar cells in the Young+diet Group (see Figure 4 , left pannel); the size of acini in the animals in the Mature+diet Group is comparable to that in the control Group, but the cytoplasm height is the smallest among all animals under study; the size of acini in the animals in the Physical development Acceleration Group is also comparable to that in the control Group, but the cytoplasm height is smaller than that in the control Group; a small decrease in the acinus size is accompanied by a small decrease in the cytoplasm height that result in a decrease in the total area occupied by mucous acinar cells in acinus in the Hypokinetic+diet Group. In the latter group, a reliable decrease in the number of mucous acinar cells in minor salivary gland acinus is exactly observed (Table 3) , i.e., the salivary gland hypoplasticity exists at the tissue level in all the macrosomic descendants of young parents who were fed on a hyper-caloric diet during pregnancy that was passing under conditions of mild hypokinesia. A decrease in the cytoplasm height of musous acinar cells in acinus is a marker for a decrease in the secretory acinar cells morphofunctunal activity.
Furthermore, the acini outer boundary is found to be rough (crimp) in minor salivary glands in the animals in the Hypokinetic+diet and Young+diet Groups, which most probably arise as a result of an increase in the necessity of producing saliva that causes functional overloading, and consequently the acini boundary shrinks and becomes rough (see Figure 5 , right pannel).
Thus, the morphometric study of minor buccal salivary glands samples by confocal microscopy have shown that the expectation value of the average area of the minor buccal salivary gland acini cross-section in the Mature+diet Group and Physical development Acceleration Group is comparable to that in the control Group, whereas in the Hypokinetic+diet Group, it is established to be reduced and in the Young+diet Group is reliably reduced.
The mean value of the average area of minor salivary gland acini gap is sharply increased in the animals in the Mature+diet Group (see Figure 4 , right pannel) and Physical development Acceleration Group (see Figure  5 , left pannel), which is most likely due to the features inherent in the morphofunctional cycle of mucous acinar cells, i.e., due to a decrease in their cytoplasm height.
The mean value of the area of the parenchymal tissue in the minor salivary gland acini is, in our opinion, a more informative indicator, which turns out to be of a lesser amount in animals in all macrosomic groups as compared to the Control Group (Table 3) . Moreover, in the animals Young+diet Group, a decrease is reliably established within 95% confidence interval.
dIScuSSIon
According to the literature [24] , the minor salivary glands produce only a small part of the saliva, about 10% of the total volume, but their microscopic features repeat those of the major salivary glands, and 70% of the total volume of proteins, which are produced by the salivary glands, are produced by the minor salivary glands.
The formation and acinar differentiation of the mixed secretion salivary glands occur mainly prenatally [25, 26] , and the intra-uterine forming epigenetic changes in metabolism and the morphofunctional state of the glands can persist for life and affect the cariogenic situation in oral cavity.
The results obtained have an indirect confirmation: when evaluating the condition of hard tooth tissues in experimental animals, it is noteworthy, that at the age of 6 months, the number of teeth affected by caries in animals born with macrosomia is increased in comparison with the Control Group.
In summary, our study demonstrated that the morphometric parameters of the minor buccal salivary glands in the experimental animals that were born with macrosomia differ significantly from the parameters of the minor buccal salivary glands in animals with normal weight-growth parameters at birth. These differences are most pronounced in animals in the Young+diet Group and the Hypokinetic+diet Group (which have the signs of intrauterine obesity at birth) compared to those in the group of intact animals.
The nonparametric tests have shown differences between such acinus parameters as the area of mucous acinar cells cross-section in minor salivary gland acini and the average perimeter of minor salivary gland acini in animals in Young+diet and control Groups at significance levels, p, less than 0.05. The parameters under study in young animals are smaller than in the animals in control Group.
In rats born with various fetal macrosomia modeling, on reaching the age of 6 months, the deviations from the parameters in the control Group were revealed in the following: the acinus area, the acinus gap area, the number of serous acinar cells in the acinus, the height of the mucous acinar cells, and the relative stroma of the gland. The assessment of these deviations allows us to speak about the presence of hypoplasia in the minor buccal salivary glands.
Data listed above should be taken into consideration in human patients diagnosed with fetal macrosomia. A better understanding of violation in minor buccal salivary glands morphogenesis may be a key to explaining the dental disorder formation and the basis for creating new approaches to predicting, effective methods of prevention, and rational treatment of diseases of hard tooth tissues, inflammatory-dystrophic diseases of periodontal tissues and other dental violations in the patients we care for.
